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VARIABLE RATE FORWARD POWER CONTROL FOR 
MULTICHANNEL APPLICATIONS 



5 Background of the Invention 

1. Field of the Invention 

The present invention relates to telecommunications; more particularly, to 
transmit power control. 

10 

Description of the Related Art 

FIG. 1 illustrates base station 10 and mobile terminal 12 of a CDMA (Code 
Division Multiple Access) commimication system. Base station 10 and mobile terminal 
12 commimicate in the direction from base station 10 to mobile terminal 12 over forward 

15 or downlink channels 14. Mobile terminal 12 commimicates with base station 10 using 
reverse or uplink channels 16. Forward link channels 14 may include separate charmels 
for voice, data, a pilot signal, a dedicated control channel (DCCH) and other signals that 
provide control or overhead information. In a similar fashion, reverse channel 1 6 may 
include a voice channel, a data channel, a pilot channel and a dedicated control channel 

20 (DCCH). Depending on the type of communication going on, the voice charmels may be 
omitted and data channels may be used, or data channels may be omitted and voice 
channels may used, or both voice and data channels may be used. 

The amoimt of power used to transmit in the forward direction is adjusted to 
account for signal losses that may occur due to environmental conditions and/or signal 

25 fading that is a result of multiple paths between the base station and mobile. Mobile 12 
monitors characteristics of the forward link such as overall power received or error rates. 
Based on the received power or the error rates, the mobile instructs base station 10 to 
either increase or decrease the amount of power used for transmission over the forward 
data and/or voice charmels. For example, if the error rates are increasing or if they cross 

30 a threshold that was established when communications were initiated, the mobile 

instructs the base station to increase the power used for transmitting the forward voice 
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and/or data channels. Similarly, if the mobile detects extremely low error rates, the 
mobile instructs base station 10 to decrease the power used for transmitting the forward 
voice and data channels. When the base station receives the power control instructions 
from the mobile, the base station modifies the power used to transmit the forward voice 
5 and data channels accordingly. 

FIG. 2 illustrates the pilot channel transmitted from mobile 12 to base station 10. 
The pilot chaimel is used by the mobile to transmit power control instructions to the base 
station. The pilot channel is broken into segments or power control groups 20 of 1 .25 
milliseconds in length. During portion or power control sub-channel 22 of each of the 

10 1 .25 milliseconds segments, the pilot signal is replaced by a power control signal, bit or 
command(s). The power control signal simply tells the base station to increase or 
decrease the power used to transmit the forward voice channel and forward data charmel. 
The same power control information is used to control both the forward voice and data 
chaimels. This is acceptable since both channels are transmitting into the same 

15 environment and will suffer the same fluctuations due to the environment or fading. The 
remaining three-quarters of each 1 .25 milliseconds segment is used for transmitting the 
pilot signal which enables the base station to coherently demodulate signals from the 
mobile. 

FIG. 3 illustrates a mobile that is in a soft handoff condition where signals are 
20 received from two base stations. In this situation mobile 12 is receiving voice and data 
channels and a pilot channel from base station 10 and from base station 50. As was 
discussed with regard to FIG. 1, mobile 12 monitors the power and/or error rates 
associated with the voice and data signals and requests base stations 10 and 50 to either 
increase or decrease the power used to transmit voice and/or data on the forward link. In 
25 this situation, the mobile once again transmits power control commands as was described 
with regard to FIG. 2, and the same power control command is provided to both base 
station 10 and base station 50. 

FIG. 4 illustrates the situation where mobile 12 is in a soft handoff condition 
receiving communications from base station 10 and base station 50. In this situation, 
30 mobile 12 is receiving a voice and data channel from base station 10, but only a voice 
channel from base station 50, This situation might arise in a soft handoff where base 
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Station 50 does not have sufficient resources available to provide both a voice and data 
channel to mobile 12, and therefore only provides a voice channel. Since this is an 
asymmetrical situation, the same power control information cannot be used to control 
both the voice and data forward channels. The voice and data are subjected to different 
5 fluctuations, the power control information derived from monitoring the voice cannot be 
applied to data and vice versa. 

Summary of the Invention 

The present invention addresses the aforementioned problem by providing 
separate power control commands or information for the forward voice and forward data 
channels without using additional bandwidth or demanding additional pilot power 
provided from the mobile to the base station. The present invention provides alternating 
voice and data power control commands in the power control sub-channel of the pilot 
channel transmitted by mobile 12. In one embodiment, the power control portion or sub- 
channel of a first pilot channel segment or power control group is used to transmit power 
control information for the forward voice channel, and then in the following pilot chaimel 
segment or power control group, the power control portion or sub-channel is used to 
transmit power control information for the forward data channel. In other embodiments, 
other than a 50/50 mix between voice and data power control is provided in the mobile's 
pilot channel. For example, forward voice channel power control commands may be 
transmitted two or more times for each transmission of forward data channel power 
control commands. 

Brief Description of the Drawings 

25 FIG. 1 illustrates a mobile communicating with the base station using voice and 

data channels; 

FIG. 2 illustrates a pilot channel with segments having power control portions; 
FIG. 3 illustrates a mobile in communication with two base stations using voice 
and data channels for both base stations; 
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FIG. 4 illustrates a mobile in communication with two base stations where voice 
and data are used with one base station and voice is used without data for the second base 
station; 

FIG. 5 illustrates a pilot channel where the power control sub-channel or portion 
. 5 of every other power control group or segment is used to treinsmit power control 
commands for the same forward channel; 

FIG. 6 illustrates a pilot channel where three transmissions of power control 
commands for a first forward channel are executed for each transmission of power 
control commands for a second forward channel; 
10 FIG. 7 is a table illustrating examples of power control information transmission 

pattems; and 

FIG. 8 is a timeline illustrating the relationship between commvmication channel 
initialization and the start of power control information transmission. 

15 Detailed Description of the Invention 

FIG. 5 illustrates a CDMA pilot control channel transmitted by mobile 12 to base 
stations, such as base stations 10 and 50. The pilot channel is divided into segments or 
power control groups 60, 62, 64 and 66 which are, for example, 1.25 milliseconds long. 
Corresponding portions or power control sub-channels 22 of each segment are used to 

20 transmit power control information or commands, portion 68 of segment 60 is used for 
power control, portion 70 of segment 62 is used for power control, portion 72 of segment 
64 is used for power control, and portion 74 of segment 66 is used for power control. In 
this example, the portions used for power control are one-fourth of a segment or PCG 
(power control group). It is also possible for the power control portions to be greater than 

25 or less than one-fourth of a segment. The remaining portion of each segment is used to 
transmit a pilot signal. For this example, power control portions of consecutive segments 
and/or PCGs are used in an altemating manner to provide voice and data power control 
commands for the forward channels. For example, portions 68 and 72 may be used to 
provide power control commands for the forward voice channel while portions 70 and 74 

30 may be used to provide power control for the forward data channel. As a result, separate 
power control is provided for the forward voice and data channels without degrading the 
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pilot signal provided by the mobile. FIG. 6 illustrates a pilot channel where separate 
power control is used for the forward voice and data channels. In this example, power 
control for the voice and data channels is not split equally. For every three power control 
transmissions for the voice channel, only one power control transmission is provided for 
the data chaimel. Power control portions 80, 82 and 84 contain commands for forward 
voice power control and power control portion 86 contains power control commands for 
forward data channel power control. In a similar fashion power control portions 88, 90 
and 92 are used for forward voice power control and portion 92 is used for forward data 
power control. This pattern repeats until, for example, the mobile receives new 
instructions from a base station, or imtil the voice or data charmel is dropped. It is also 
possible to provide other combinations of alternating power control information. For 
example, three data power control transmissions may be provided for each voice power 
control transmission, two voice power control transmissions may be provided for each 
data power control transmission, or two data power control transmissions may be 
provided for each voice power control transmission. Other pattems may be used based 
on the priority given to the power control of a particular channel. A channel that has a 
high priority for power control is provided with more power control transmissions or 
bandwidth than a channel with a lower priority. FIG. 7 is a table that illustrates examples 
of possible power control transmission pattems. 

It is also possible to provide power control for more than two forward channels, 
for example, power control may be provided for a voice channel, data channel and video 
channel, or for a voice channel and more than one data channel. When more than one 
channel is controlled, the power control information for each channel is transmitted, in an 
interleaved fashion, using the power control portion of the pilot channel segments. 

FIG. 8 is a timeline illustrating channel initialization. When a communication 
channel is initialized, the base station sends a data burst assignment message to the 
mobile. This message includes setup information such as the Walsh code assignment(s) 
and the power control transmission pattern. After an action time specified by the base 
station in the burst assignment message, the base station starts sending data on the 
assigned Walsh channel. The mobile starts sending power control information according 
to the power control pattern at the first reverse link frame boundary transmitted by the 
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mobile after the action time expires. The base station starts processing the power control 
information at the first reverse link frame boundary after the action time expires. 



